Promethazine and scopolamine are two major components of a drug commonly used as a substitute for heroin addiction but with its own potential for abuse. Here, surface-enhanced Raman spectroscopy experiments were combined with density functional theory computations of the Raman frequencies of promethazine. e enhancement of the SERS substrate was optimized by contrast detection of silver nanoparticles. e optimized substrate was used to detect scopolamine, promethazine and their mixtures. Several mixtures of different concentrations were detected and analyzed. e approach of rapid identification and monitoring of drugs will become an important tool in the detection and control of illicit drug use.
Introduction
Heroin is one of the most common opioid substances used by drug addicts. e cognitive impairment of heroin addicts is mainly related to memory function, impulse control, selective attention, processing speed of cognitive transfer information, and so on [1] [2] [3] . In recent years, a new type of illegal intravenous drug has emerged in some areas to replace heroin [4, 5] . e main constituents are scopolamine, promethazine, and buprenorphine, abbreviated BSP [5] . BSP is cheaper than heroin and is relatively easy to obtain. Some people were initially used to detoxify heroin, and then, new drug abuse was developed. So that instead of injecting heroin, BSP addicts, even though they did not use heroin, continued to increase their cognitive impairment [1] [2] [3] 6] . e patients reported that the pleasure was even more intense than that produced by heroin. BSP abuse was more likely to damage cortical neurons than heroin, and the recovery of gray matter in the brain was slower than in heroindependent groups. is suggests that the damage to cortical neurons caused by BSP abuse is difficult to recover in a short time. is new type of drug with potential for abuse and addiction, if not detected in time, is reported and included international control that makes it possible for such drugs to enter a range of international drug trade activities. It is a major challenge and subject for drug control work to establish a long-term detection and investigation mechanism and to find out new drug-related abuse problems in a timely manner. e detection of social hazards caused by abuse and substance abuse is an important part of drug control.
Buprenorphine is currently under strict control and is not readily available [7] . us, we analyzed scopolamine, promethazine, and their mixture. Our group has qualitatively and quantitatively analyzed scopolamine [8] and identified its Raman peaks. is laid the foundation for this work. Here, we calculated the theoretical Raman peak of promethazine and compared that to the experimental spectrum. We then optimized the experimental conditions and detected several mixed samples to evaluate this analytical utility of this approach.
Raman spectroscopy can be used to analyze solids, gases, and liquids, but its signal is weak, which is not conducive to the application of detection, especially for low concentration samples. However, the development of nanotechnology has greatly promoted the development of Raman technology [9] . e sensitivity of Raman spectroscopy combined with surfaceenhanced Raman spectroscopy (SERS) of nanomaterials has increased its sensitivity by at least 7∼10 orders of magnitude [10] . Two widely acknowledged enhancement mechanisms are electromagnetic [11] and chemical enhancement [12] . e electromagnetic mechanism mainly contributes to singlemolecule sensitivity in SERS. SERS "hotspots," which are interparticle junctions in silver and gold nanoaggregates, where the local EM-field amplitude increases by plasmonic field confinement, enable the vast enhancement of Raman signal intensity based on the fourth power of the ratios between the local EM fields and external incident fields [11] . e most studied mechanism for the chemical enhancement is the socalled charge-transfer (CT) mechanism. is mechanism may involve the presence of a CTcomplex either by direct binding to the metal or by indirect binding with the assistance of an electrolyte ion [12] . SERS has been widely applied to identify or detect illicit drugs, including trace illicit drugs, suspicious objects and drugs, or their metabolites in real biological system (urine, saliva, and so on) [13] . Currently, SERS researches about illicit drug detection are still in the development stage. e improved Raman analyzer will provide the possibility to make SERS a practically analytical technique. SERS is hopeful to be a versatile and powerful sensor platform in real-world applications for illicit drug analysis. e experimental workflow is shown in Figure 1 .
Experimental

Materials and Reagents.
Two types of silver nanoparticles were obtained by reduction with sodium citrate and ascorbic acid using silver nitrate as the metal precursor; these were used as the SERS substrate. Next, scopolamine injection (50 mg in 2 mL) and promethazine injection (0.3 mg in 1 mL) were serially diluted. e Raman spectra of scopolamine powder and promethazine powder were collected as the standard reference. Ultrapure water (18 MΩ·cm) was used as the solvent for dilution and solution allocation throughout the experiment.
Apparatus.
e heating agitator was used to prepare the silver sol. e liquid moving gun extracts the sample droplets and is placed on the detection platform. A portable Raman spectrometer collected the Raman spectra. A scanning electron microscope (SEM) was used to characterize the morphology and size of the nanoparticles. A vortex oscillator was used to mix the solutions quickly and evenly.
is experiment used a BWS415-785H (B&W Tek, Inc.) portable Raman spectrometer with 785 nm laser excitation, spectral resolution less than 3 cm −1 , with a wavelength range of 68-2700 cm −1 . e data acquisition, processing, and background subtraction are all done with Bwram1.01.20 software. e focal length of the focused beam is 6.8 mm. e test power is 90 mW with 5-s acquisition times. e laser beam diameter is 10 μm.
Preparation of Silver Sol.
We used the synthesis described by Lee and Meisel [14] . Here, 0.045 g silver nitrate was added to a clean beaker and dissolved with deionized water to 0.18 g/L in a 250-mL flask. is was heated with magnetic stirring and treated with 0.114 g sodium limonate in 10 mL water and 1% citric acid by mass. After boiling, 5 mL sodium citrate was added quickly while holding the reaction temperature at 100°C with stirring. e solution gradually changed from colorless to golden over one hour. e solution eventually became grayish green. We then removed the heat and cooled the sample to room temperature and stored the resulting silver nanoparticles in a brown bottle at 4°C without light. After the silver sol was prepared, it was washed with water several times via centrifugation.
An alternative method is from Qin et al. [15] . Ascorbic acid (6.0 × 10 −4 mol/L) was used to reduce silver nitrate (2.5 mL 0.1 mol/L). Sodium citrate was used as a stabilizer. A mixture of ascorbic acid and sodium citrate was heated to 30°C in a water bath and then quickly treated with silver nitrate. It was stirred at 900 r/min for 15 minutes and then heated to 100°C for 2 hours. After natural cooling to room temperature, it was stored at 4°C in the dark.
Results and Discussion
Quantum chemical calculation of promethazine was performed using the density functional theory. e B3LYP hybrid function combined with the 6-31 g (d, p) basis set was used to optimize the molecular structure, and the theoretical Raman spectra were calculated. e optimized structure of promethazine is shown in Figure 2 . e Raman spectra of promethazine solid powder and SERS of the aqueous solution were collected and compared with the calculated theoretical Raman spectra of promethazine ( Figure 3) .
We used the Raman spectrum of the powder as the standard reference. If the theoretical calculation is not different from its comparison, then it is considered to be successful. e peak assignment of the theoretical characteristic peak compares the SERS spectrum to the normal Raman spectrum. If there is a corresponding peak position in the SERS spectrum and the peak intensity obviously increases, then it can be used as a basis for qualitative or quantitative sample analysis. Figure 3 shows theoretical calculations of promethazine. e Raman and SERS peaks of the solid powders are shown in Table 1 . In general, the SERS lines at most Raman peaks are slightly offset from the theoretical calculations-this might be attributed to the adsorption of the sample molecules on the surface of the silver nanoparticles and their interactions during SERS detection. is results in a shift in the Raman spectrum [16] . e theoretical peak calculations in a vacuum and the actual environment are inconsistent with the literature [17] . e peaks of scopolamine have been described previously [8] .
Now that the characteristic peaks of the two samples have been determined, we next compared the two sols under the same conditions. We prepared two kinds of silver sols according to Lee and Meisel [14] and Qin et al. [15] (Figures 4(a) and 4(b) ). Figure 4 compares the SEM of two silver sol nanoparticles. Figure 4(a) shows that the yield is low with many rod-shaped particles. e spherical particles are irregular and uneven. ese are worse than the nanoparticles shown in Figure 4(b) , which are monodisperse and stable. en, we studied ve replicates for each group (Figure 5) . A represents the silver sol in Figure 2(b) , and B represents the rst silver sol in Figure 2(a) . e most prominent Raman peaks of promethazine are 1034 cm −1 , 1112 cm −1 , and 1571 cm −1 as shown in Figure 5 (a). It can be observed that the peak intensity of the characteristic peak detected by sol A [15] is higher than that of sol B [14] . Figure 5(b) shows that the enhancement e ects of both sols are equal for scopolamine. After comprehensive analysis, Figure 4 (b) was selected as the ideal substrate. e initial concentration of scopolamine and promethazine is 5 −4 M. e volume ratio of concentrated silver sol to the sample is 1 : 1, and the initial concentration ratio of scopolamine to promethazine is 5 : 5. e volume ratio of scopolamine to promethazine is 5 : 5, 3 : 7, and 1 : 9 (Figure 6 ). e speci c proportion of promethazine was higher than that of scopolamine although the proportion of promethazine varied according to the unique dose. At ratio of 5 : 5, and the 1034 cm −1 peak of promethazine overlapped with the 1032 cm −1 peak of scopolamine. When the promethazine concentration ratio increased to 3 : 7, there was a single peak of promethazine at 1034 cm −1 and an obvious characteristic peak of promethazine with no 1044 cm −1 scopolamine peak. When the mixing ratio was 1 : 9, the single peak at 1034 cm −1 of promethazine was obvious as was the peak at 1112 cm −1 ; the 1002 cm −1 peak of scopolamine decreased obviously however. e characteristic peak intensity is proportional to the doping ratio. At 1 : 9, their main characteristic peaks can be observed directly in the Raman spectra-this agrees with the actual doping ratio, which lays the foundation for rapid characterization of the mixed samples. Due to the competitive adsorption of the mixed samples on the substrate, the mixing ratio on the substrate is di erent from that in solution; thus, quantitative analysis of the SERS mixture is complicated and will be studied in the future. 
Conclusions
e theoretical Raman spectra of promethazine were obtained, and the characteristic peaks were determined. e SERS spectra at di erent mixing ratios were determined and combined with characteristic Raman peak assignments from scopolamine. e spectrogram suggests that both of them exist concurrently. ese data show that qualitative analysis can be used to unmix a complex Raman spectrum. is approach is an e ective analytical tool for the detection and monitoring of drugs of abuse.
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